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�� 1998 – Salton Sea Restoration Act1998 – Salton Sea Restoration Act



’98 Act & Extensive ’98 Act & Extensive ScopingScoping…5 Goals:…5 Goals:
�� Maintain Sea as Ag RepositoryMaintain Sea as Ag Repository
�� Provide a Safe, ProductiveProvide a Safe, Productive

Environment for Resident & MigratoryEnvironment for Resident & Migratory
Birds & Endangered SpeciesBirds & Endangered Species

�� Restore Recreational UsesRestore Recreational Uses
�� Maintain a Viable Sports FisheryMaintain a Viable Sports Fishery
�� Enhance Sea to Provide EconomicEnhance Sea to Provide Economic
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�� January 2003January 2003
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Funding for the Restoration and Research of the Salton Sea

FY PROJECT BY PROJECT Congressional 
Appropriations

98 SEA $2,000,000 $2,000,000
Brawley added no dollars allocated

99 SEA $800,000 $800,000
Brawley no dollars allocated

00 SEA $1,900,000 $1,900,000
Brawley no dollars allocated

01 SEA $3,000,000 $4,000,000
Brawley $1,000,000

02 SEA $2,000,000 $3,500,000
Brawley $1,500,000

03 SEA $1,000,000 $1,000,000
Brawley no dollars allocated

04 SEA $3,000,000 $4,000,000
Brawley $1,000,000

$17,200,000
$13,700,000

TOTAL SALTON SEA PROJECT
TOTAL WITHOUT BRAWLEY
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�� Research NeedsResearch Needs
WorkshopWorkshop

�� USGS Tiger TeamUSGS Tiger Team
�� Reconnaissance/Reconnaissance/

BaselineBaseline
InformationInformation

�� Strategic ScienceStrategic Science
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stst

AgrarianNot Complete – final report currently in progress

UCRNutrient Cycling in the Salton Sea

Barry-CostaThe Feeding Ecology of the Salton Sea Tilapia

Wright StateInvestigation of the cause of Eared Grebe Mortality at the Salton Sea
Algal Blooms and Biotoxins

USGSIdentification and ecology of disease-causing agents for eared grebes
at the Salton Sea

USGSEcology and management of avian botulism in fish-eating birds at the
Salton Sea

USBORSalton Sea Desert Pupfish Movement Study

SDSUReconnaissance of the Biological Limnology of the Salton Sea

SDSUFish Biology and Fish Ecology of the Salton Sea

Point ReyesAbundance, Distribution and Annual Phenology

Levin-FrickeSediment Physical Characteristics and Contaminants at the Salton Sea,
Riverside and Imperial Counties, California

ScrippsAlgan Toxin – Final Report

USGSSurvey of Selected Microbial Pathogens in the Salton Sea

USBORChemical and Physical Limnology of the Salton Sea, California 1999

AuthorMajor Reports-1st Phase Reconnaissance



Papers:Papers:
�� Chemical and Physical Characteristics of the Salton Sea, California by G. C. Chemical and Physical Characteristics of the Salton Sea, California by G. C. HoldrenHoldren and and

A. A. MontañoMontaño
�� Chemical evolution of the Salton Sea, California: nutrient and selenium dynamics by R.Chemical evolution of the Salton Sea, California: nutrient and selenium dynamics by R.

A. Schroeder, W.H. Orem and Y. K. A. Schroeder, W.H. Orem and Y. K. KharakaKharaka..
�� Characteristics and Contaminants of the Salton Sea Sediments by R. Characteristics and Contaminants of the Salton Sea Sediments by R. VoglVogl and R. Henry and R. Henry
�� Reconstruction of Prehistoric Lake Reconstruction of Prehistoric Lake CahuillaCahuilla in the Salton Sea Basin using GIS by J.E. in the Salton Sea Basin using GIS by J.E.

Buckles, K. Buckles, K. KashiwaseKashiwase and T.  and T. KrantzKrantz..
�� Simulation of Wind-Driven Circulation in the Salton Sea:  Implications for IndigenousSimulation of Wind-Driven Circulation in the Salton Sea:  Implications for Indigenous

Ecosystems by C. B. Cook, G. T. Ecosystems by C. B. Cook, G. T. OrlobOrlob, and D. W. Huston, and D. W. Huston
�� Preliminary studies of Preliminary studies of cyanobacteriacyanobacteria, , picoplanktonpicoplankton, and , and virioplanktonvirioplankton in the Salton Sea in the Salton Sea

with special attention to with special attention to phylogeneticphylogenetic diversity among eight strains of filamentous diversity among eight strains of filamentous
CyanobacteriaCyanobacteria by A. M. Wood, S. R. Miller, W.K.W. Li, and R. W.  by A. M. Wood, S. R. Miller, W.K.W. Li, and R. W. CastenholzCastenholz

�� Flagellate Flagellate CryptobiaCryptobia  branchialisbranchialis ( (BodonidaBodonida: : KinetoplastidaKinetoplastida), ), ectoparasiteectoparasite of tilapia from of tilapia from
the Salton Sea by B. I. the Salton Sea by B. I. KupermanKuperman, V. E. , V. E. MateyMatey & S. B. Barlow & S. B. Barlow

�� MetazooplanktonMetazooplankton dynamics in the Salton Sea, California, 1997-1999 by M. A. Tiffany, B. K. dynamics in the Salton Sea, California, 1997-1999 by M. A. Tiffany, B. K.
Swan, J. M. Watts and S. H. Swan, J. M. Watts and S. H. HurlbertHurlbert

�� FreelivingFreeliving nematodes from the Salton Sea by R.M. Warwick, D.M. Dexter & B.  nematodes from the Salton Sea by R.M. Warwick, D.M. Dexter & B. KupermanKuperman
�� CryptomonadsCryptomonads from The Salton Sea, California by S. B. Barlow & P.  from The Salton Sea, California by S. B. Barlow & P. KugrensKugrens
�� The benthic invertebrates of the Salton Sea: distribution and seasonal dynamics by P. M.The benthic invertebrates of the Salton Sea: distribution and seasonal dynamics by P. M.

DetwilerDetwiler, M. F. Coe, & D. M. Dexter, M. F. Coe, & D. M. Dexter
�� Naked Amoebae  (Protozoa) of the Salton Sea, California by A. Naked Amoebae  (Protozoa) of the Salton Sea, California by A. RogersonRogerson & G.  & G. HauerHauer



�� The diatom flora of the Salton Sea, California by C. B. Lange & M. The diatom flora of the Salton Sea, California by C. B. Lange & M. A.TiffanyA.Tiffany
�� Invertebrates of the Salton Sea: A scanning electron microscopy portfolio by B. I.Invertebrates of the Salton Sea: A scanning electron microscopy portfolio by B. I.

KupermanKuperman, V. E. , V. E. MateyMatey, D. M. Dexter, and M. A. Tiffany, D. M. Dexter, and M. A. Tiffany
�� Skeletal development in Skeletal development in HermesinumHermesinum  adriaticumadriaticum  ZachariasZacharias, a flagellate from the Salton, a flagellate from the Salton

Sea, California by M. A. TiffanySea, California by M. A. Tiffany
�� Summer Movements of Desert Pupfish Among Habitats at the Salton Sea by R. J. SuttonSummer Movements of Desert Pupfish Among Habitats at the Salton Sea by R. J. Sutton
�� Fish Biology and Fisheries Ecology of the Salton Sea, California by R. Riedel, L. Fish Biology and Fisheries Ecology of the Salton Sea, California by R. Riedel, L. CaskeyCaskey

and B. Costa-Pierceand B. Costa-Pierce
�� Biology and migration of eared grebes at the Salton Sea by J. R. Biology and migration of eared grebes at the Salton Sea by J. R. JehlJehl, Jr. and R., Jr. and R.

McKernanMcKernan
�� The Salton Sea as critical habitat to migratory and resident The Salton Sea as critical habitat to migratory and resident waterbirdswaterbirds by W. D.  by W. D. ShufordShuford,,

N. Warnock, K. C. Molina & K. K. SturmN. Warnock, K. C. Molina & K. K. Sturm
�� Possible Importance of Algal Toxins in the Salton Sea, California by K. M. Possible Importance of Algal Toxins in the Salton Sea, California by K. M. ReifelReifel, M. P., M. P.

McCoy, T. E. McCoy, T. E. RockeRocke, M. , M. A.TiffanyA.Tiffany, S. H. , S. H. HurlbertHurlbert & D. J. Faulkner & D. J. Faulkner
�� Avian disease at the Salton Sea by M. FriendAvian disease at the Salton Sea by M. Friend

Other Scientific Publications:Other Scientific Publications:
�� The following is a list of other scientific publications resulting from the contracts withThe following is a list of other scientific publications resulting from the contracts with

the Salton Sea Authority:the Salton Sea Authority:
�� Ralf Riedel and Barry A. Costa-Pierce, The Feeding Ecology of Salton Sea TilapiaRalf Riedel and Barry A. Costa-Pierce, The Feeding Ecology of Salton Sea Tilapia

((OreochromisOreochromis  sppspp.). 2003.). 2003
�� Ralf Riedel, Lucille Ralf Riedel, Lucille CaskeyCaskey & Barry A. Costa-Pierce, Fish biology and fisheries ecology & Barry A. Costa-Pierce, Fish biology and fisheries ecology

of the Salton Sea, California. of the Salton Sea, California. HydrobiologiaHydrobiologia 473: 229-244, 2002. 473: 229-244, 2002.



�� HauerHauer, G., A. , G., A. RogersonRogerson, and O.R. Anderson.  2001.  , and O.R. Anderson.  2001.  PlatyamoebaPlatyamoeba  pseudovannellidapseudovannellida n. n.
sp., a naked amoeba with wide salt tolerance isolated from the Salton Sea, California. J.sp., a naked amoeba with wide salt tolerance isolated from the Salton Sea, California. J.
Eukaryotic Microbiology 48: 663-669.Eukaryotic Microbiology 48: 663-669.

�� KupermanKuperman, B. I., and V. E. , B. I., and V. E. MateyMatey.  1999. Massive infestation by .  1999. Massive infestation by AmyloodiniumAmyloodinium  ocellatumocellatum
((DinoflagellidaDinoflagellida) of fish in a highly saline lake, Salton Sea, California, USA. Diseases of) of fish in a highly saline lake, Salton Sea, California, USA. Diseases of
Aquatic Organisms. 39:65-73.Aquatic Organisms. 39:65-73.

�� KupermanKuperman, B.I., , B.I., MateyMatey, V.E., and S.H. , V.E., and S.H. HurlbertHurlbert. 2001. Parasites of fish from the Salton. 2001. Parasites of fish from the Salton
Sea, California, USA. Sea, California, USA. HydrobiologiaHydrobiologia 466: 195-208. 466: 195-208.

�� ReifelReifel, K. M., M. P. McCoy, M. A. Tiffany, T. E. , K. M., M. P. McCoy, M. A. Tiffany, T. E. RockeRocke, C. C. Trees, S. B. Barlow, D. J., C. C. Trees, S. B. Barlow, D. J.
Faulkner and S. H. Faulkner and S. H. HurlbertHurlbert.  2001.  .  2001.  PleurochrysisPleurochrysis  pseudoroscoffensispseudoroscoffensis
((PrymnesiophyceaePrymnesiophyceae) blooms on the surface of the Salton Sea, California. ) blooms on the surface of the Salton Sea, California. HydrobiologiaHydrobiologia
466: 177-185.466: 177-185.

�� Riedel, R. and Costa-Pierce, B.  2001.  Review of the fisheries of the Salton Sea,Riedel, R. and Costa-Pierce, B.  2001.  Review of the fisheries of the Salton Sea,
California, USA: past, present, future. Reviews in Fisheries Science 9:239-270.California, USA: past, present, future. Reviews in Fisheries Science 9:239-270.

�� Riedel, R., D. Riedel, R., D. SchlenkSchlenk, D. Frank, and B. Costa-Pierce.  2002.  Analyses of organic and, D. Frank, and B. Costa-Pierce.  2002.  Analyses of organic and
inorganic contaminants in Salton Sea fish. Marine Pollution Bulletin 44: 403-411.inorganic contaminants in Salton Sea fish. Marine Pollution Bulletin 44: 403-411.

�� SterrenburgSterrenburg, F.A.S., M. A. Tiffany and C. B. Lange.  2000.  Studies on the genera, F.A.S., M. A. Tiffany and C. B. Lange.  2000.  Studies on the genera
PleurosigmaPleurosigma and  and GyrosigmaGyrosigma ( (BacillariophyceaeBacillariophyceae): Species from the Salton Sea,): Species from the Salton Sea,
California (U.S.A.). Proceedings of the Academy of Natural Sciences of Philadelphia 150:California (U.S.A.). Proceedings of the Academy of Natural Sciences of Philadelphia 150:
305-313.305-313.

�� Tiffany, M. A., S. B. Barlow, V. E. Tiffany, M. A., S. B. Barlow, V. E. MateyMatey and  S. H.  and  S. H. HurlbertHurlbert.  2001..  2001.    ChattonellaChattonella marina marina
((RaphidophyceaeRaphidophyceae), a potentially toxic alga in the Salton Sea, California.  ), a potentially toxic alga in the Salton Sea, California.  HydrobiologiaHydrobiologia
466:187-194.466:187-194.

�� Watts, J. M., B. K. Swan, M. A. Tiffany, and S. H. Watts, J. M., B. K. Swan, M. A. Tiffany, and S. H. HurlbertHurlbert.  2001.  Thermal, mixing, and.  2001.  Thermal, mixing, and
oxygen regimes of the Salton Sea, California, 1997-1999.  oxygen regimes of the Salton Sea, California, 1997-1999.  HydrobiologiaHydrobiologia 466:159-176. 466:159-176.



�� RockeRocke, T.E. and M. Friend. 2003. Wildlife disease as an indicator for ecosystem health., T.E. and M. Friend. 2003. Wildlife disease as an indicator for ecosystem health.
Pages 1111-1124 in Pages 1111-1124 in Managing for Healthy EcosystemsManaging for Healthy Ecosystems, eds. D.J. Rapport, W.L. , eds. D.J. Rapport, W.L. LasleyLasley,,
D.E. D.E. RolstonRolston, N.O. Nielsen, C.O. , N.O. Nielsen, C.O. QualsetQualset, and A.B. , and A.B. DamaniaDamania. Lewis Publishers, Boca. Lewis Publishers, Boca
Raton, Florida.Raton, Florida.

�� RockeRocke, T. E., P. , T. E., P. NolNol, C. Pelizza K. Sturm and.  Type C botulism in pelicans and other fish-, C. Pelizza K. Sturm and.  Type C botulism in pelicans and other fish-
eating birds at the Salton Sea, California, 1994-2001.  In: The ecology and conservationeating birds at the Salton Sea, California, 1994-2001.  In: The ecology and conservation
of the avifauna of the Salton Trough.  Studies in Avian Biology. Cooper Ornithologicalof the avifauna of the Salton Trough.  Studies in Avian Biology. Cooper Ornithological
Society.  In press.Society.  In press.

�� Williamson, J. L., C. Williamson, J. L., C. LowenbergerLowenberger, and T.E. , and T.E. RockeRocke.  Selective isolation of .  Selective isolation of ClostridiumClostridium
botulinumbotulinum DNA from vegetative cells in sediments.  Submitted to Journal of DNA from vegetative cells in sediments.  Submitted to Journal of
Microbiological MethodsMicrobiological Methods

�� RockeRocke, T. E. and R. McLean.  The impact of disease in white pelicans. In: The ecology, T. E. and R. McLean.  The impact of disease in white pelicans. In: The ecology
and conservation of the American White Pelican.  and conservation of the American White Pelican.  WaterbirdsWaterbirds.  In press..  In press.

�� NolNol, P., R. E. , P., R. E. BrannianBrannian, B. M. , B. M. BerlowskiBerlowski, M. J. Wolcott, and T. E. , M. J. Wolcott, and T. E. RockeRocke.  New host record.  New host record
of avian tuberculosis in an American White Pelican (of avian tuberculosis in an American White Pelican (PelecanusPelecanus  erythrorhynchuserythrorhynchus))..
California Fish and Game. In Press.California Fish and Game. In Press.

�� NolNol, P., T.E. , P., T.E. RockeRocke, K. Gross, and T. M. , K. Gross, and T. M. YuillYuill.  Prevalence of .  Prevalence of neurotoxicneurotoxic  ClostridiumClostridium
botulinumbotulinum  type C in the gastrointestinal tracts of type C in the gastrointestinal tracts of tilapistilapis ( (OreochromisOreochromis  mosambicusmosambicus) in) in
the Salton Sea.  Submitted to Journal of Wildlife Diseasesthe Salton Sea.  Submitted to Journal of Wildlife Diseases

�� NolNol, P., J. Williamson, T.E. , P., J. Williamson, T.E. RockeRocke, and T. M. , and T. M. YuillYuill. Detection of . Detection of Clostridium Clostridium botulinumbotulinum
typetype  C cells in the gastrointestinal tracts of Mozambique tilapia (C cells in the gastrointestinal tracts of Mozambique tilapia (OreochromisOreochromis
mosambicusmosambicus) by polymerase chain reaction.  Submitted to Journal of Wildlife Diseases) by polymerase chain reaction.  Submitted to Journal of Wildlife Diseases



Presentations:Presentations:
�� RockeRocke, T. E. Disease outbreaks in wild birds at the Salton Sea Symposium on Salton Sea, T. E. Disease outbreaks in wild birds at the Salton Sea Symposium on Salton Sea

Ecosystem Management. January 1999.Ecosystem Management. January 1999.
�� RockeRocke, T. E. and M. Friend. Wildlife disease as an indicator for ecosystem health., T. E. and M. Friend. Wildlife disease as an indicator for ecosystem health.

International Congress on Ecosystem Health.  Sacramento, California.  August 1999.International Congress on Ecosystem Health.  Sacramento, California.  August 1999.
�� RockeRocke, T. E., P. , T. E., P. NolNol, and J. L. Williamson.  Avian diseases at Salton Sea. Salton Sea, and J. L. Williamson.  Avian diseases at Salton Sea. Salton Sea

Symposium. Palm Springs, CA January 2002.Symposium. Palm Springs, CA January 2002.
�� RockeRocke, T. E. and R. McLean. Diseases of Pelicans. Pacific Sea Bird Meeting. Santa, T. E. and R. McLean. Diseases of Pelicans. Pacific Sea Bird Meeting. Santa

Barbara, California.  February 2002.Barbara, California.  February 2002.
�� NolNol, P., J. L. Williamson, and T. E. , P., J. L. Williamson, and T. E. RockeRocke.  The .  The epizootiologyepizootiology of avian botulism at the of avian botulism at the

Salton Sea.  2003 Annual Meeting of the Western Division of the American FisheriesSalton Sea.  2003 Annual Meeting of the Western Division of the American Fisheries
Society and California/Nevada Chapter of the American Fisheries Society, San Diego,Society and California/Nevada Chapter of the American Fisheries Society, San Diego,
CA.  April 2003.CA.  April 2003.

�� Williamson J. L. and T. E. Williamson J. L. and T. E. RockeRocke.  Present and future studies on the .  Present and future studies on the epizootiologyepizootiology of of
botulism at the Salton Sea National Wildlife Refuge.  Interagency Botulism Researchbotulism at the Salton Sea National Wildlife Refuge.  Interagency Botulism Research
Coordinating Committee. Kissimmee, Florida.  November 1999.Coordinating Committee. Kissimmee, Florida.  November 1999.

�� NolNol P., T. E.  P., T. E. RockeRocke, and T. M. , and T. M. YuillYuill.  .  EpizootiologyEpizootiology of type C botulism at Salton of type C botulism at Salton
Sea.DepartmentalSea.Departmental seminar.  University of Wisconsin, Department of  seminar.  University of Wisconsin, Department of PathobiologyPathobiology, April, April
20012001

�� NolNol, P., T.E. , P., T.E. RockeRocke, and J. L. Williamson.  , and J. L. Williamson.  EpizootiologyEpizootiology of type C avian botulism at the of type C avian botulism at the
Salton Sea. Interagency Botulism Research Coordinating Committee. Monterey,Salton Sea. Interagency Botulism Research Coordinating Committee. Monterey,
California. October 2000.California. October 2000.

�� NolNol P., T. E.  P., T. E. RockeRocke, and T. M. , and T. M. YuillYuill.  .  EpizootiologyEpizootiology of type C botulism at Salton Sea. of type C botulism at Salton Sea.
Departmental seminar.  University of Wisconsin, Department of Departmental seminar.  University of Wisconsin, Department of PathobiologyPathobiology, May 2002, May 2002



�� NolNol P., T. E.  P., T. E. RockeRocke and K. Gross.   and K. Gross.  EpizootiologyEpizootiology of type C botulism at Salton Sea. USGS of type C botulism at Salton Sea. USGS
conference, Wisconsin Dells, WI, July 2002.conference, Wisconsin Dells, WI, July 2002.

�� NolNol P., T. E.  P., T. E. RockeRocke and K. Gross.   and K. Gross.  EpizootiologyEpizootiology of type C botulism at Salton Sea. of type C botulism at Salton Sea.
Wildlife Disease Association Meeting, Humboldt, CA.  August 2002.Wildlife Disease Association Meeting, Humboldt, CA.  August 2002.

�� NolNol P., T. E.  P., T. E. RockeRocke and K. Gross.  and K. Gross. EpizootiologyEpizootiology of type C botulism at Salton Sea. The of type C botulism at Salton Sea. The
Wildlife Society Conference, Bismarck, ND. September, 2002.Wildlife Society Conference, Bismarck, ND. September, 2002.

�� NolNol P. and T. E.  P. and T. E. RockeRocke. . EpizootiologyEpizootiology of type C botulism at Salton Sea. Interagency of type C botulism at Salton Sea. Interagency
Botulism Research Coordinating Committee, Madison, WI.  October 2002.Botulism Research Coordinating Committee, Madison, WI.  October 2002.

�� Williamson, J. L., A. Miyamoto, and T. E. Williamson, J. L., A. Miyamoto, and T. E. RockeRocke.  The Salton Sea:  A Survey for.  The Salton Sea:  A Survey for
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